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Solid-phase extraction (SPE)Abstract An new method for the extraction of phenolic compounds from olive oil has been
proposed before the chromatographic analysis by UPLC-PDA (Ultra-Performance Liquid
Chromatography-PhotoDiode Array). Recoveries for 20 individual phenolic compounds were
compared using three cartridges of solid-phase extraction including C-18, Diol, and DVB
(DiVinylBenzene) based cartridges. Diol based cartridge produced the best retention efficiency.
The optimized method uses a reduced amount of solvents and allows for the determination of most
phenolics in oil samples in less than 10 min. A full discrimination among the most common olive oil
varieties was achieved using the relative levels for specific phenolics in the sample. Therefore, based
in this study, a fingerprint based on the relative levels for quercetin, luteolin, oleuropein and vanillic
acid can be proposed to characterized varietal olive oils. In that way, a detailed composition about
phenolic compounds of varietal olive oils would not be needed for discrimination purposes.
 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In recent years, wide research on phenolic compounds has
been developed due to their therapeutic properties, including
anticarcinogenic properties, benefits for preventing inflamma-
tory disorders and for cardiovascular diseases (Ammar et al.,
2018; Roleira et al., 2015; Schwingshackl et al., 2019).
2 L. Deflaoui et al.Phenolics are secondary metabolites that are naturally present
in several different plants and fruits (Cheynier, 2012) as well as
in olives and olive oils (Alu’datt et al., 2017; Reboredo-
Rodrı́guez et al., 2018). Furthermore, phenolics could also
contribute to the stability and nutritional value of olive oils
(Bendini et al., 2006). Additionally, olive oils is an essential
oil of the Mediterranean diet (Battino et al., 2019;
Mazzocchi et al., 2019).
Some of the important the phenolic compounds present in
olive oils are phenolic acids and phenolic alcohols (Olmo-
Garcı́a et al., 2017). The most usual chemical forms of phenolic
acids in olive oils are derivatives from benzoic and cinnamic
acids (Bendini et al., 2006). Besides of the aforementioned
two classes of phenolic compounds, ester and aldehydes
analogues are also found in olive oils (Veneziani et al., 2018).
However, tyrosol and hydroxytyrosol are considered as the
most prominent compounds whilst ferulic and sinapic acids
present at a minor level (Nenadis et al., 2019). Flavonols have
been also reported as important compounds in olive oils,
however, their levels depend on the cultivar, location, climatic
conditions and ripening period (Morrone et al., 2020; Valente
et al., 2020).
Additionally phenolic compounds have been also used for
the characterization of olive oils from different origins
(Becerra-Herrera et al., 2018) or from different olive varieties
(Bajoub et al., 2017). For those purposes, specific levels for
some phenolic compounds can be used (Mohamed et al., 2018).
Two analytical methods have been traditionally used for
recovery of phenolic compounds from olive oils: liquid-liquid
extraction (LLE) and solid-phase extraction (SPE) (Alarcón
Flores et al., 2012; Ricciutelli et al., 2017). LLE usually needs
large amounts of organic solvents. Typically methanol/water
mixtures were used as extraction solvent for phenolic com-
pounds from olive oil. Usually the resulting extracts are not
clean enough, so additional cleanup steps are needed, for exam-
ple using a primary-secondary amine sorbent or magnesium sil-
icate (Gilbert-López et al., 2014). In recent times, several novel
extraction methods have been also introduced to avoid large
amounts of organic solvents, including liquid–liquid microex-
traction (Pizarro et al., 2013) and matrix solid-phase dispersion
(Monasterio et al., 2014). Some faster extraction methods have
been also proposed, for example the ultrasound-assisted
liquid-liquid extraction (Pizarro et al., 2013).
However, SPE is still the preferred method, mainly because
of its simplicity and high recoveries for recovering phenolics
from liquid samples (Płotka-Wasylka et al., 2017). In this
research, an alternative method for the extraction of phenolic
compounds from olive oil has been proposed before the anal-
ysis by UPLC-PDA. Several cartridges of SPE including C-18,
Diol, and DVB based cartridges were compared regarding the
recovery of 20 individual phenolic compounds because the
relative levels of some phenolics compounds were used for
discrimination purposes among different olive oil varieites.Table 1 Characteristics of evaluated solid phase extraction (SPE) c
Commercial brand Abbreviation Solid phase
Discovery DSC-18 DSC-18 Octadecylsilica
Discovery DSCDiol DSC Diol 2,3-Dihydroxypropo
Strata X Strata X Modified divinylbenz2. Materials and methods
2.1. Chemicals and solvents
Methanol from Merck KGaA (Darmstadt, Germany) and
ethanol from Panreac (Barcelona, Spain) were HPLC grade.
A Milli-Q purification system (Billerica, MA, USA) was used
to obtain purified water. The following phenolic compounds
were used: Protocatechuic acid (PRO), vanillin (VAN), vanil-
lic acid (VAA), gallic acid (GAL), ferulic acid (FER), and
sinapic acid (SIN) were obtained from Fluka (Buchs, Switzer-
land). Syringic acid (SYR), p-coumaric acid (p-COU), o-
coumaric acid (o-COU), m-coumaric acid (m-COU), caffeic
acid (CAF), quercetin (QUE), isovanillic acid (IVA),
homovanillic acid (HVA), rutin (RUT), syringaldehyde
(SYA), luteolin-7-glucoside (LUG), oleuropein (OLE), lute-
olin (LUT), and tyrosol (TYR) were provided by Sigma-
Aldrich (St. Louis, MO, USA). These phenolic compounds
were selected because of they are usually found in olive oils
(Bouymajane et al., 2020; Lorini et al., 2021). Stock solutions
(1000 mg L1) from the standard phenolic compounds were
prepared in aqueous methanol 50:50 (v/v) and stored in a
freezer at 32 C. A mixture containing all phenolics at
5 mg L1 in hexane was used for the development of the
SPE method.
2.2. Olive oil samples
The olive oil samples were purchased in Spanish local markets
in the summer of 2018. The oil samples were stored at 4 C in
amber glass bottles in darkness avoiding empty headspace
until analysis.
2.3. Solid phase extraction
An automated system for Solid Phase Extraction Zymark
Rapid Trace by Caliper (Hopkinton, MA, USA) was used
for the SPE method development. Three different cartridges
with different solid phases from different supplies were com-
pared. Table 1 shows the most important characteristics of
the cartridges
The regular working procedure during the evaluation of
SPE cartridges was as it follows: first a conditioning step using
10 mL of methanol, 10 mL of n-hexane and 10 mL min1 as
flowrate for both of them. Later, the oil (1 g of oil diluted to
10 mL with n-hexane) was loaded using a flowrate of
2 mL min1; subsequently, the washing step was applied using
10 mL of n-hexane at a flowrate of 10 mL min1, finally the
elution step using 4  2 mL of methanol at a flowrate of
10 mL min1; the samples and washing residues were then col-
lected. Both samples were analyzed to determine any losses
during the SPE steps.artridges.




Phenolic compounds in olive oil 3The DVB based cartridge contains lower amount of solid
phase as it is usual for this kind of phase, usually reaching
similar recoveries with lower amount of solid phases.
However, some results previously reported (Ferreiro-
González et al., 2014; Rostagno et al., 2005) have demon-
strated that losses will not be produced if the solid phases have
a high breakthrough volume for phenolic analyses even with
lower bed mass (200 mg) for the solid phase compared to
another solid phases volume cartridges (500 mg).
2.4. Ultrahigh-Performance Liquid Chromatography (UPLC)
An ACQUITY UPLC H-Class system with an ACQUITY
UPLC PDA detector was used for the chromatographic
analysis of the phenolic compounds. EmpowerTM 3 Chro-
matography Data Software (Waters Corporation, Milford,
MA, USA) was used for data management of the resulting
data. A wavelength range of 200–400 nm was used in the
PDA detector to identify the compounds. The data rate was
fixed at 40 points s1. Whereas, for quantification the detector
was set at fixed wavelength with collection data rate at 80
points s1 at the following wavelengths 280, 300 and
320 nm. Phenolic compounds were identified in the samples
by comparison of retention times and UV spectra with those
of standards, later a confirmatory analysis was run using
spiked samples with pure standards.
The injection volume used was 3.0 lL. A reverse phase (RP)
C18 ACQUITY UPLC (Waters) column (2.1 mm I.D.; 100 mm
length; 1.7 lm particle size) was used for separation at a tem-
perature of 47 C. A binary solvent system with two phases
was used as mobile phase. Starting solvent (A) was water with
acetic acid (2%) and solvent B was acetonitrile with acetic acid
(2%) and the flowrate was 0.5 mL min1. The gradient used for
the separation was as follows (time (min), solvent B): 0, 15%;
3.30, 20%; 3.86, 30%; 5.05, 40%; 5.35, 55%; 5.64, 60%, 5.94,
95%. Following each analysis, a washing period of 3 min with
solvent B was applied. Later the system was equilibrated before
the next analysis for 3 min using solvent A.
2.5. Method validation
The ICH Guideline Q2 (R1) and suggestions by ISO 17025
(ICH, 2005; ISO, 2005) were used for method validation. Lin-
earity, working range, limit of detection (LOD) and limit of
quantification (LOQ) method were calculated for the chro-
matographic method. Stock solutions for standards of pheno-
lic compounds at 100 mg L1 were prepared. Later solutions
(in duplicate) from 5 to100 mg L–1 were obtained by proper
dilutions including 6 different levels. Using the properties of
the regression curve, the LOD and LOQ were calculated, i.e.
the standard deviation estimated for the response and the slope
were then used (AOAC, 2012). The linearity, range, LOD and
LOQ of the method were evaluated and results are described in
Table 2.
For the extraction method, repeatability (intraday) and
intermediate precision (interday) were used to indicate the pre-
cisions of the new SPE method. Nine analyses of the same
sample (Hojiblanca oil) were used to determine the intermedi-
ate precision, i.e. three independent analyses on three consecu-
tive days. Six independent analyses of the same sample on the
same day were used to establish the value for the repeatability.Coefficients of variation (CVs) of chromatographic peak area
were used to express the precision. CVs ranged from 8.3%
for LUT to 14.6% for o-COU for intermediate precision and
from 8.1% for QUE to 12.8% for o-COU for repeatability.
3. Results and discussion
Solid Phase Extraction (SPE) is considered as an efficient
extraction method for phenolic compounds from different
food matrices (Alarcón Flores et al., 2012). In this work, the
extraction recovery of the three SPE sorbents has been com-
pared in order to obtain the most suitable cartridge for sample
preparation during the varietal characterization of the olive
oils. There are previous publications using different solid
phases during the SPE, mainly related to the full description
of phenolic composition in olive oils (Aparicio-Ruiz et al.,
2016; Bouymajane et al., 2020; Lorini et al., 2021; Pizarro
et al., 2013). For the main goal in this paper, the most impor-
tant phenolic compounds related to varietal characterization
were used as target for the recoveries, instead of the full com-
position on phenolic compounds. So, a new solid phase extrac-
tion method was developed for specific purposes.
3.1. Comparison of SPE solid phases
Silica (C18), Diol and DVB are the most common sorbents
used for SPE. C-18 silica based solid phases, also known as
octadecil silica solid phase (ODS), are based on a numerous
number of C-18 chains attached on the surface of silica gel.
Their final properties are related to the degree of endcapping,
it means the percentage of silanol groups in the silica gel with
an attached C-18 group. They are mainly used for the recovery
of medium polar compounds from polar matrices, usually
aqueous matrices. Their affinities for phenolic compounds is
high enough to allow for the recovery of these compounds
from organic matrices also.
For Diol solid phases, the surface of the silica gel is usually
bonded with 2,3-dihydroxypropoxypropyl functional groups.
Those groups allow for specific interactions with polar com-
pounds. So, it is usually applied for the recovery of polar com-
pounds from non polar matrices. They have been used for
phenolic compounds in several matrices.
DVB solid phases are not based on silica gel but on a
macroporous polymeric sorbent polystyrene-divinylbenzene,
which has a high specific surface area. Interactions with
retained compounds are due to the hydrophobic nature of
the polymer. It has also been used for phenolic compounds
in different kind of matrices.
The recovery values throughout the SPE steps i.e. loading,
washing and eluting were studied to recover the greatest
amount of phenolic compounds. The recovery values were pre-
sented by the relative amount (%) of phenolics concentrations
in the sample after passing through a certain SPE steps, i.e.
loading (Fig. 1) and washing (Fig. 2).
Loading is the second step in SPE procedure after the con-
ditioning step. This step includes the passage of the liquid sam-
ple through the sorbent. The sorbent should provide sufficient
binding capacity to retain phenolic compounds from the sam-
ple matrix. The higher binding capacity of the studied sorbents
was indicated by low amount of phenolic compounds found in
the post-cartridge effluent (Fig. 1).
Table 2 Validation parameters of the developed method (6 levels per calibration curve from 0.5 to 50 mg L1, 2 solutions per level
were used).
Wavelength (nm) Compound R2 Linear Equation (peak area (y) vs cocentration (x)) LOD (mg L-1) LOQ (mg L-1)
280 GAL 0.9987 y ¼ 9352:7x 16987 0.94 3.13
PRO 0.9982 y ¼ 4735:3x 8408:2 1.12 3.73
SYR 0.9972 y ¼ 10645xþ 15741 1.42 4.73
VAA 0.9999 y ¼ 6630:3x 3895:5 0.73 2.43
HVA 0.9974 y ¼ 3029xþ 1366:2 1.34 4.47
VAN 0.9995 y ¼ 17058x 18008 0.58 1.93
o-COU 0.9998 y ¼ 25877x 13299 1.51 5.03
m-COU 0.9969 y ¼ 5852:7xþ 4357:1 1.52 5.05
TYR 0.9999 y ¼ 2592:7x 1405:1 1.43 4.77
OLE 0.9967 y ¼ 6325:9x 26539 1.54 5.13
300 IVA 0.9996 y ¼ 6131:2x 5449:1 0.56 1.87
SYA 0.9999 y ¼ 17761xþ 3631:1 1.28 4.27
320 CAF 0.9973 y ¼ 20027xþ 33900 1.46 4.87
FER 0.9965 y ¼ 20460xþ 33550 1.58 5.27
p-COU 0.9999 y ¼ 25252x 3667:2 1.16 3.87
RUT 0.9926 y ¼ 3085:1xþ 9097:5 1.15 3.83
QUE 0.9970 y ¼ 1235:4xþ 16180 1.58 5.27
SIN 0.9975 y ¼ 12155x 28643 1.34 4.47
LUG 0.9999 y ¼ 7164:2x 4675:7 1.70 5.67
LUT 0.9998 y ¼ 13122:6x 7501:1 1.90 6.33
GAL: gallic acid, PRO: Protocatechuic acid, SYR: syringaldehyde, VAA: vanillic acid, HVA: homovanillic acid, VAN: vanillin, o-COU: o-
coumaric acid, m-COU: m-coumaric acid, TYR: tyrosol, OLE: oleuropein, IVA: isovanillic acid, SYA: Syringic acid, CAF: caffeic acid, FER:
ferulic acid, p-COU: p-coumaric acid, RUT: rutin, QUE: quercetin, SIN: sinapic acid, LUG: luteolin-7-glucoside, LUT: luteolin.
Fig. 1 Average levels found for phenolics in the liquids eluted from the solid cartridges during the loading step (n = 2).
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eluting sample that indicates higher losses compare to the
other studied cartridges. The result consistent with the former
report that the loading capacities of polymer-based sorbents
are higher than silica (Wu and Wells, 2003). The losses
occurred for most studied phenolic compounds except TYR
and OLE during sample loading step.
The DVB based cartridge provided higher retention of phe-
nolic compounds than the C-18 based cartridge. This cartridge
successfully retained a number of phenolic compounds (GAL,
PRO, CAF, VAA, HVA, p-COU, RUT, QUE, and SYA) and
alcohols (TYR and OLE). However, this cartridge appeared to
have low retention for several phenolic compounds such as
VAN, LUG, LUT, m-COU, SIN and IVA during the sample
loading. It means some of the phenolic compounds with high
molecular weights, including flavonoids.On the other hand, no losses are recorded by the Diol based
cartridge during the sample loading step except for LUG
(36%) and LUT (19%). Most likely, these compounds are less
retained because of their high molecular weights.
Next SPE step should be a washing step, as it is usually con-
venient for the solid phase extraction of phenolic compounds
from organic or high fat matrices. It must be noted the chro-
matographic analysis for phenolic compounds are done using
a methanol/water mobile phase and a C-18 based chromato-
graphic column, so any residues from the starting matrix
should be removed from the SPE cartridge using a non-polar
solvent, in this case n-hexane.
The C-18 based cartridge provide low losses during washing
step for several phenolic compounds. In this cases, these so fee-
ble losses could be explained because of the high losses during
loading step, therefore a reduced amount of phenolic com-
Fig. 2 Average levels found for phenolic compounds in the liquids eluted from the solid cartridges during the washing step (n = 2).
Phenolic compounds in olive oil 5pounds were retained during the loading step, so there were
reduced level of phenolic compounds to be lost. Therefore,
the C-18 based cartridge was removed from the option for sub-
sequent method optimization. This kind of cartridges have
been previously used for phenolic analysis by several authors
(Alarcón Flores et al., 2012; Ricciutelli et al., 2017), however
in this case most likely losses are due to the different matrix
used in the study.
DVB based cartridges showed losses during washing steps
for the majority of phenolic compounds. These losses are
between 3% (o-COU) and 99% (RUT). Consequently, this
cartridge was removed from the option for the development
of extraction method.
On the other way, Diol based cartridge showed excellent
performance, retaining the phenolic compounds without sig-
nificant losses during the loading step, nor during the washing
step. It means, Diol based cartridges is able to reach high
retention capabilities of the studied phenolic compounds from
the sample. Therefore, this cartridge was selected for extrac-
tion method development. Additionally, previous studies
reported that the selected cartridge shown to have an excellent
reproducibility (Rostagno et al., 2005).
3.2. Amount of eluting solvent
The amount of solvent needed to run the new method must be
minimized, first because of reducing the waste production, fur-
thermore, from an analytical point of view, lower amount of
solvent, will produce a higher concentration in the final
extract, allowing a higher signal in the detection system. How-
ever, if diminishing the amount of elution solvent, it could
result in a poor recovery of the phenolic compounds from
the cartridge. Therefore, the optimization of the amount of
the solvent used for the elution step is mandatory. Therefore,
four extractions were done on the same sample using subse-
quent amounts of extracting solvents. Specifically, elution of
phenolic compounds with up to 8 mL (four different fractions
using 2 mL were obtained) of MeOH were compared. All
extractions were done in triplicate.
The majority of the compounds were eluted using only
2 mL of solvent. Recoveries results using a second extraction
step with additional 2 mL of methanol produced full recovery
for all these compounds instead. Levels for phenoliccompounds in the second fraction were always below 10% of
the levels found in fraction 1. Levels in the third extraction
were always below 2% of the levels in the fraction 1. There-
fore, only extractions 1 and 2 are needed to get a quantitative
recovery of phenolic compounds.
3.3. Application to real samples
The new method established in this research was finally
applied on real samples. In this case, the method was applied
on a selection of oils from different olive varieties. There are
several papers dealing with the characterization of different
olive varieties, many of them using the phenolic composition
as the tool to characterize varieties (Mohamed et al., 2018).
A total of 12 commercial samples from 4 different varieties
available in the Spanish markets were used. Specifically, the
varieties Hojiblanca (3), Arbequina (4), Conicabra (1) and
Picual (4) were selected as they are the most common olive
varieties in the Spanish market. It was not possible to find
equal distribution for the 4 varieties. Beside of those samples,
one additional oil with not specific information about its vari-
ety was analyzed.
While the total levels for phenolic compounds can be
related to the ripening period and the processing techniques
for olives and oils, a common ratio among different phenolic
compounds can be expected for the same olive varieties even
through different commercial brands. So, relative values for
different olive varieties were evaluated instead of specific levels
for phenolic compounds. Fig. 3 shows the average relative
levels for the main phenolics found in each variety. As Fig. 3
shows, QUE was the major compound for Picual, Arbequina
and Hojiblanca, it accounts for more than 50% for Hojiblanca
variety, and larger than 40% for Picual and Arbequina vari-
eties. On the other hand, Cornicabra variety showed LUT as
the main phenolic in the oil. Therefore, Cornicabra variety
could be differentiated from the other studied varieties based
on the level for LUT to be larger than QUE. Different pheno-
lic levels were obtained for the different samples (Fig. 3). LUT
was found higher than OLE for Picual varitiy, whilst Hoji-
blanca and Arbequina showed very similar values. Therefore,
Picual could be characterized also based on the ratio LUT/
OLE, it should be larger than 1.5. Finally, differences between
Hojiblanca and Arbequina were much lower previous differ-
Fig. 3 Relative distribution of phenolic compounds for the four olive varieties studied (n = 3) and resulting fingerprint proposed.
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and not appearing in Hojiblanca variety, was detected as dif-
ference for these varieties.
Therefore, based in this study, a fingerprint can be pro-
posed for the studied varieties using the selected phenolics
allowing for their characterization (Fig. 3). Specifically, values
for QUE, LUT, OLE and VAA. The fingerprint proposed in
Fig. 3 has been modified using values x10 for VAA for better
clarity. If additional samples from other olive oil varieties are
analyzed, it is supposed additional relative values would be
needed.
Finally, a commercial sample without information about
variety in the label was classified as Hojiblanca as it contains
QUE higher than 50% of the total level for phenolic com-
pounds, very similar values of LUT/OLE and VAA was not
detected. The fingerprint in Fig. 3 confirms this proposal.
Therefore, it has been demonstrated that using the relative val-
ues of some specific phenolics in the SPE extract, the specific
variety of an unknown oil sample can be proposed.
Anyway, a larger number of real samples from different
olive varieties will be needed to develop a robust discrimina-
tion model. However, the fingerprint graph used is a proposal
for classification purposes.
4. Conclusions
The three studied SPE cartridges showed different perfor-
mances in retaining the phenolic compounds. The C18 based
cartridges showed high losses during the loading step and
DVB based cartridge showed losses during the washing steps,
therefore they were not useful for phenolic extraction in this
kind of samples. Diol based cartridge showing satisfactory
recoveries to be used for this purposed instead. The optimized
method used a reduced amount of solvents (4 mL) and allowsfor the quantitative determination of most phenolic com-
pounds in oil samples in less than 10 min. Based on the results,
a full discrimination among the most common olive oil vari-
eties was achieved using the relative levels for specific phenolic
compounds in the samples.
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Rücker, G., Meerpohl, J.J., 2019. Impact of different types of
olive oil on cardiovascular risk factors: A systematic review and
network meta-analysis. Nutr. Metab. Cardiovasc. Dis. 29, 1030–
1039. https://doi.org/10.1016/j.numecd.2019.07.001.
Valente, S., Machado, B., Pinto, D.C.G.A., Santos, C., Silva, A.M.S.,
Dias, M.C., 2020. Modulation of phenolic and lipophilic com-
pounds of olive fruits in response to combined drought and heat.
Food Chem. 329. https://doi.org/10.1016/j.foodchem.2020.127191.
Veneziani, G., Esposto, S., Taticchi, A., Urbani, S., Selvaggini, R.,
Sordini, B., Servili, M., 2018. Characterization of phenolic and
volatile composition of extra virgin olive oil extracted from six
Italian cultivars using a cooling treatment of olive paste. LWT -
Food Sci. Technol. 87, 523–528. https://doi.org/10.1016/j.
lwt.2017.09.034.
Wu, J.-T., A.Wells, D., 2003. Chapter 14 On-line sample preparation:
High throughput techniques and strategies for method develop-
ment, Progress in Pharmaceutical and Biomedical Analysis.
https://doi.org/10.1016/S1464-3456(03)80016-9
